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A FEW years ago many California citrus growers 
were reporting that they were obtaining lower 
yields of fruit per acre than in the earlier history of 
their industry. Complaint was also made that an 
increasing proportion of the fruit of the leading 
commercial varieties of oranges and lemons was 
abnormal or " off type " in size, form, color, smooth- 
ness of skin, or other important characteristics. 

Systematic and continued investigation of this 
subject in the groves in California since 1909 has , 
disclosed tha,t a considerable proportion of the dete- 
rioration observed is traceable to unintentional prop- 
agation of undesirable strains of the leading varieties 
resulting from bud variation. 

The results obtained in bud-selection experiments 
carried on during the last 18 years indicate that by 
top-working with buds from trees having consist- 
ently good records for productiveness and quality 
the inferior or " drone " trees of such varieties as 
Washington Navel and Valencia oranges can be 
made productive and profitable. 

This bulletin describes the methods that have been 
found effective and practicable in locating the desir- 
able and undesirable trees in groves and for trans- 
forming the latter when found. 
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INTRODUCTION 

THE ESTABLISHED and proved citrus varieties are the most 
valuable possession of the citrus industry. The conservation, 
standardization, and stabilization of these varieties should receive 
most careful consideration by citrus propagators and growers. 

The deterioration or " running out " of these varieties through the 
unintentional propagation of undesirable strains is responsible for a 
large proportion of the low yields of inferior fruits in many citrus 
orchards. The introduction of new varieties to take the place of 
those which have become unprofitable by careless methods of propa- 
gation is usually a matter of experiment. The establishment of new 
varieties requires long periods of time to prove their value to the 
grower and to introduce them in the markets. 

The use of individual-tree records of production in citrus orchards 
w^as originally introduced into California by the writer in 1909. The 
utility of such records as a factor in the practical work of standardiz- 
ing the quality and quantity of fruit production in established or- 
chards has been proved experimentally and tested commercially. As 
a result of these investigations thousands of nursery trees, have been 
propagated and inferior trees in established orchards top-worked 
with buds selected from productive trees of desirable strains on the 
basis of their performance records for a series of years. Several 
thousand of these trees have come into bearing, and so far as can be 
determined from trees of their age they have without exception 
reproduced the strain that was propagated. 
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The nature and extent of bnd variability in eitrus trees has been 
studied for several years, and the results of those studies have been 
published from time to time. 

The importanee of individual-tree performanee reeords as a basis 
for measuring the effeets of eultural or other tree treatments, in both 
investigational and eommereial work, has beeome so evident that sueh 
reeords are now regarded by the most effieient and suecessful Cali- 
fornia eitrus growers as of great value in all orehard work. To deter- 
mine definitely whether ehanges in methods of tree culture or care 
are of value, individual performance reeords of the trees both before 
and after the new systems are put into practice should be obtained. 






Fig. 1. — Typical dry Washington Navol orangres Ijorne by a limb s^port in an other- 
wise normal fruiting tree ; illustrating bud variation in trees of the citrus varieties 

The continuing demand from growers for adviee regarding a practi- 
eal method of keeping sueh reeords has made neeessary the republi- 
eation of this bulletin. 



BUD VARIATION 



Although there is no generally accepted theory to aeeount for bud 
variability in eitrus trees, it is, nevertheless, of more or less frequent 
occurrenee in trees of all varieties. It may manifest itself in the 
habit of growth of the trees or their method of branehing, the size, 
form, texture, or eolor of the foliage, or the form, eolor, texture, 
abundance, or searcity of the fruits. Oeeasionally one tree grown 
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from a single bud will develop several distinct strains of fruit. Fre* 
quently a single fruit or a branch bearing several fruits will be found 
on a tree having characteristics distinct from the fruits of the typical 
strain borne by the tree as a whole, as illustrated in Figures 1 and 2. 
Minor variations in fruit characteristics a.re of very frequent 
occurrence. 

Individual-tree performance records reveal the extent to which 
trees in commercial plantations differ from one another in their regu- 
larity of bearing and in the quality, quantity, and character of the 
fruit produced. 




Fig. 2. — Typical Washington Navel oranges borne by normal branches of the tree 
that also produced the limb sport bearing the dry oranges shown in Figure 1 

The nursery propagation of bud variations may be largely avoided 
through the use of buds selected from individual trees, the perform- 
ance records of which have shown them to be heavy annual producers 
of uniform fruit of a desirable strain. Healthy, vigorous-growing 
citrus trees of inferior strains in established orchards may be suc- 
cessfully top-worked to the best strain and may thus convert into an 
asset what was formerly a liability of the orchard. Unhealthy citrus 
trees, those lacking in vegetative vigor or showing unsatisfactory 
growth characteristics which indicate poor conditions for top-work- 
ing, can be replanted profitably with nursery or older trees propa- 
gated from carefully selected buds. 
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OBJECT OF PERFORMANCE RECORDS 

The object of individual citrus-tree performance records is to 
obtain reliable information as to the behavior of individual trees in 
established bearing orchards. This information may be utilized in 
the elimination of inferior or drone trees by top-working or removing 
them, in the selection and location of particularly good trees for use 
as sources of bud wood for propagation, ii\ studying the results of 
individual-tree treatments, and for other purposes where it is impor- 
tant to know definitely the amount and value of fruit production. 
Individual-tree performance records enable citrus growers to replace 
indefinite and oftentimes unreliable opinions as to orchard conditions 
by exact and definite information, from which safe conclusions may 
be drawn. 

METHODS OF OBTAINING THE RECORDS 

TREE NUMBERS • 

The first step in obtaining individual- tree performance records is 
to number each tree, so that its record may be kept during successive 
years without danger of confusion and mistakes in obtaining and 
recording the performance-record data and other notes. 

The numbering system evolved in the investigation of this problem 
has been adopted by many citrus growers, and provides for each tree 
a number consisting of three sets of figures. This individual-tree 
number is made up of the number of the block or division of the 
orchard, the number of the row in which the tree occurs, and the 
position of the tree in the row, counting always from some fixed point, 
such as the irrigation head. For instance, a tree located in block 
14, row 18, and the twentieth tree in the row, will have the number 
14 — 18 — ^20, as shown in Figure 3. 

The number can usually be painted on the tree trunk or on one 
of the main limbs. It has been found most convenient to place the 
component numbers in a vertical column, and they are more easily 
read when arranged in this form. Pure white-lead paint and an 
ordinary lettering brush should be used for this work. The numbers 
should always be placed in the same relative position on all of the 
trees in an orchard, so that they may be easily found at any time. 
Where it is not possible to paint the number on the tree, it can be 
painted or stamped on a wooden or metal tag, which should be 
attached to the tree where it can be easily seen, and in such a manner 
as not to interfere with the future growth of the tree. Large, plain 
figures should be used, so that the number can be read from some 
distance. One man can usually number 175 or more trees in a day. 

This system will prevent the duplication of numbers, no matter 
how many blocks or trees there are in the orchard ; it will locate any 
particular tree, so that it can be easily found at any time for indi- 
vidual-tree care, for the consideration of its performance record, 
or for other purposes; it will also promote accuracy and simplicity 
in recording individual-tree data. 

In order to obtain uniformity and accuracy in tree numbers it 
seems advisable for the members of associations of fruit growers to 
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have the numbers painted on the trees by a regular crew managed 
by the association, as is the practice at the present time in picking 
the crops. 

PICKING AND ESTIMATE METHODS 



Two methods of obtaining individual-tree performance records are 
in general use in citrus orchards of the Southwest. The first may be 
designated by the term " picking method " and the second is usually 
called the " estimate method." The picking method is carried on by 
picking each tree 
separately and 
weighing the fruits. 
The estimate record 
is obtained by esti- 
mating the quantity 
and quality of fruit 
from s y s t e m a tic 
observations of each 
tree before picking, 
or by an estimate of 
the percentage of a 
full crop for each 
individual tree. In 
many cases both 
estimates of quanti- 
ties and of percent- 
ages are recorded. 

The picking rec- 
ord is the more ac- 
curate and reliable 
method and is to 
be recommended 
wherever practica- 
b 1 e. However, it 
has been found in 
these studies that it 
is sometimes imprac- 
ticable to obtain 
picking records, and 
in such instances the 
estimate method was introduced as the best possible substitute. The 
experience in the use of the estimate method during the last 18 years 
in citrus orchards in the Southwest has proved it to be a valuable 
system for keeping citrus tree performance records and one which 
can be safely used in orchards in order to evaluate the performance 
of the individual trees from the commercial orchard standpoint. In 
experimental studies, progeny tests, or where exact records are neces- 
sary the picking method is preferable. A description of both methods 
will be given in the following paragraphs, so that the one better 
adapted for the purposes intended can be used. 




Fig. 



3. — Method of numbering trees for keeping individual- 
tree performance records 
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PICKING RECORDS 

While picking records may not be practicable for recording the 
performance of all the trees in the commercial orchards, experience 
has shown that such records are desirable in the case of small plots 
of trees in these groves Avhere the results of comparative pruning, 
fertilizing, irrigating, or other tree or soil treatments are to be 
obtained over a period of years. The simple equipment necessary 
includes a scale conveniently arranged for Aveighing the boxes of 
fruit, field notebooks ruled so as to provide convenient spacing for 
the yield data and related notes, and a supply of medium-hard lead 
pencils. Indelible pencils should not be used for this purpose be- 
cause the figures made by them are likely to become blurred and 
illegible AA'hen moistened. T\w equipment for this Avork as used in 




Fig. 4. — Equipment used in obtaining individual-tree performance-record data in a 
number of citrus orchaids 



several citrus orchards of southern California is illustrated in. 
Figure 4. 

PICKING 

The organization of the picking crew should be such that one man 
picks the fruits of an individual tree. The cre^v can usually be organ- 
ized so that each picker is assigned to a roAV of trees. This arrange- 
ment frequently induces some friendly rivalry among the pickers and 
will usually result in more rapid and efficient Avork than would other- 
wise be the case. Where tree records are not kept, two or more 
pickers as a rule work on the same tree, but this practice is not desir- 
able where performance records are to be taken. 

The picking boxes should be distributed to the individual trees 
instead of being assembled in box rows, A little practice \vil\ enable 
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the distributors of the boxes to determine about the numbers of boxes 
required to hoUl the crop of each tree. 

To avoid carrying fruits to the next tree, the picker should empty 
his picking sack after finishing each tree. The boxes when filled 
should be assembled in the shade of the tree from which the fruits 
were picked in order to protect them from the sun, as shown in 
Figure 5. 

WEIGHING 

The crop of fruit of each picking from an orange or grapefruit tree 
can be expressed in terms showing the number of full and partly filled 
boxes borne by the tree. In the case of lemon or lime trees, where 




Fig. 5. — Boxes of fruits asseml>led in the shade of the respective trees that produced 
them. This arrangement protects the fruit and affords a convenient way of 
obtaining the yield records 



frequent pickings are usually made from each tree, the quantity of 
each picking can be expressed in a manner similar to that for orange 
and grapefruit trees, or, as is usually done, by determining the actual 
\Teight of the fruits and recording the results in terms of pounds. 

Many citrus growers who are keeping individual-tree records in 
their orchards have found that a record of the number of full boxes 
and the estimated quantity of fruit in the partly filled boxes is 
sufficient!}^ accurate for their purposes. This method does away with 
the necessity for any apparatus for weighing the fruits. Where a 
considerable proportion of the crop of full-bearing trees is picked 
at one time this method of recording the yield of the individual trees 
will doubless prove satisfactory. Where the amount of the pick from 
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the trees is small, a more accurate record will be obtained by weighing 
the fruits. 

A convenient method for determining the quantity or weight of 
the fruit in the picking boxes is shown in Figure 4. Figure 6 {A) 
shows a shoulder harness, by means of which an inexpensive spring 
balance (B) is carried. The scale, provides for weighing a maxi- 
mum of 50 pounds or a larger amount, depending upon the size of 

the field picking boxes. The 
opposite scale, &, is calibrated 
by actual trials of empty and 
full picking boxes, the box tare 
being marked as 0 and the 
weight of a full box as 10. 
The space between these marks 
is divided into 10 equal parts, 
numbered from 1 to 10. Such 
an arrangement provides for 
determining the amount of 
the crop in the partly filled 
box either in terms of pounds 
or as tenth parts of a box, as 
desired. The ropes, are pro- 
vided with steel hooks, 6, so 
that they can be easily at- 
tached to the ends of the pick- 
ing boxes. In using these 
scales the weigher attaches the 
hooks to the ends of the box, 
rises, assuming an upright po- 
sition, thus lifting the^ box 
from the ground, and with it 
swinging free reads the weight 
of the fruit. 

A little experience with this 
balance will enable the weigher 
to obtain accurate records of 
the amount of fruit in the 
picking boxes. In the case of 
a picking crew of 25 to 50 
men the weigher will also have 
time to help inspect and dis- 
tribute empty picking boxes, 
load the filled boxes on the 
orchard wagons, and perform 
such other duties as may be necessary to insure the careful handling 
of the boxes of fruit. 

It has been found by experience that in order to obtain reliable 
individual-tree records it is desirable to have one of the regular 
picking crew attend to this matter. In one large citrus planting, 
where individual-tree records have been kept for several years and 
the picking is done by crews of Mexican laborers, one in each crew 
keeps the records, inspects the empty picking boxes, and does such 




Fig. 6. — Details of the weighing apparatus 
shown in Figure 4. A, Shoulder harness ; 
B, spring balance ; a, scale for weighing a 
maximum of 50 pounds ; scale calibrated 
to indicate full box or parts of box in tenths ; 
c, pointer ; d, d, ropes ; e, e, steel hooks 
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other work as is required in order to promote the careful handling 
of the fruits. In other cases the foremen of the picking crews are 
expected to keep the individual-tree records in addition to their other 
duties. This plan has been found to be less successful than where 
an extra laborer for each picking crew is provided for this purpose. 

In association picking crews, where the crops of the individual 
meinbers of the association are picked by a general picking crew, 
the individual-tree records can be obtained in the smaller orchards 
by the simple expedient of adding one regular laborer to each picking 
crew. Any intelligent person can quickly learn how to keep the 
individual-tree records and assist in handling the fruit, so that the 
expense of the extra man can be justified from this standpoint. 

BBCOBDING THE RESULTS 

The date of picking and the quantity and quality of the product 
of each tree should be recorded so that it can be easily classified and 
compiled for the intelligent consideration of that individual tree's 
behavior. The three forms shown herewith are suggested for the use 
of those who wish to keep such records.^ The successful use of similar 
forms in commercial performance-record keeping has proved their 
practicability. Experience with these forms has shown that a sheet 
of convenient size is one which provides space for recording the yields 
of 40 trees. These sheets should have a stiff-back loose-leaf cover or 
be perforated and bound in covers to facilitate their use in the 
orchard and to make it possible to assemble the records of any par- 
ticular block. 

The form recommended for keeping orange and grapefruit indi- 
vidual-tree performance-record data for a maximum of three picks in 
one season from each tree is designated as A. 

Form B is recommended for use in keeping individual lemon and 
limp tree performance-record data, providing for a maximum of 12 
picks each season. In this form provision is made for recording the 
quantity of fruit either in terms of poundsi or as the number of full 
and partly filled boxes. 

The commercial grade of the fruits of the individual trees can be 
recorded by the use of the following or a similar system : A may be 
used to designate the best or first-grade fruits ; inferior, blemished, 
or second-grade fruits; (7, cull or third-grade fruits; and /S, ex- 
tremely variable fruits as regards shape, size, color, or other character- 
istics. This system can be extended, if desired to cover other matters 
of importance in individual-tree care, as, for instance, the letter X, 
to call attention to particularly good trees which may be found suit- 
able for the selection of bud wood for propagation ; Z>, to suggest 
diseased or injured trees; F, to mark such trees as may need fumi- 
gation ; P, to show the need of pruning ; T, to indicate an undesirable 
tree which should be top-worked or removed ; and such other letters 
or symbols can be employed as may be of value in systematic indi- 
vidual-tree care. 



a^l,!^HoT?KiPJ ^^f®' the three^ forms (A, B, and C) here reproduced as samples are 
somewhat abridged as to, number of trees. In actual use each form is to occupy a full 
sheet, and a length sufficient to record the yields of 20 or more trees is recommended 
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Experience has proved that in commercial citrus individual-tree 
performance records only those characteristics of the vegetative 
growth or fruits which are outstanding should be recorded. In the 
case of trees where foliage and fruits are apparently normal it is 
unnecessary and somewhat confusing to record these facts. The suc- 
cessful analysis of these data depends upon their simplicity and free- 
dom from complications, hence all unessential note taking should be 
avoided. 

The data showing the total yield of each tree and the related 
notes should be transferred to a period citrus-tree record form, such 
as is shown as Form C. This forln provides for bringing together 
the records of several successive seasons, so that the behavior of each 
tree during a given period may be studied and compared with that 
of other trees grown under similar conditions. The number of 
seasons' records necessary for thi& purpose varies somewhat^ accord- 
ing to the conditions, but in all cases an even number of seasons' 
records is desirable. As a rule, the records of full-bearing trees for 
two successive normal seasons have been found to be sufficient basis 
for determining the relative value of individual citrus trees for com- 
mercial fruit growing. The records of four successive normal sea- 
sons will probably be adequate for use as a basis for the selection 
of parent trees as sources of bud wood for propagation. In any 
event, two year's' experience will demonstrate to every grower the 
importance of individual-tree records, from which he can easily 
draw his own conclusion as to the length of the period for which he 
should keep these records. So far in the cooperative work of this 
character few growers have dropped the individual-ti'ee record work 
after having started it, and some of the records now cover a period 
of 10 or more years. 

ESTIMATE RECORDS 

The basis of estimates of the individual-tree yields is the percent- 
age of the crop as compared with a full or' 100 per cent crop. For 
example, the record for a tree which upon inspection appears to have 
about one-half of a possible full crop would be 50 per cent. Again, 
a tree bearing only about one-quarter of a full crop would have a 
record of 25 per cent. 

It is oftentimes helpful to record an estimate of the number of 
boxes of fruit borne by each tree in addition to the percentage figures. 
From these data the estimates can be checked with the actual pro- 
duction of the orchards. If the trees are very small or have a very 
light crop for any reason, the numbei' of fruits can be counted and 
recorded as small fractions of boxes, depending upon the number 
ordinarily required to fill the field picking box. 

SEASON FOE MAKING ESTIMATE RECORDS 

The proper season for making estimate tree records is when the 
fruits ai'e sufficiently mature for their characteristics to be judged 
and before any picking has been done. In the citrus, owing to the 
gradual ripening of the fruits, there is usually a period of several 
weeks during which it is possible to obtain complete estimate records 
of the quantity and grade of the fruits and notes on any outstanding 
tree characteristics. In commercial practice these records are usually 
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finished a few days before the orchard is to be picked or are made 
by members of the picking crews who work in advance of the pickers. 

SYSTEM OF OBTAINING ESTIMATE RECORDS 

The estimator walks around each tree, obserying the fruit and 
foliage from all points of view, before recording the notes. It is 
important that these observations be made systematically and in 
regular order so as to obtain accurate data. It is helpful actually to 
pick a few trees in the beginning if possible and compare the esti- 
mates with the actual yields. The estimates are best made by trained 
men who have shown an aptitude for this kind of work and who pro- 
ceed without any interference or suggestions by others while engaged 
in it. 

RECORDING THE ESTIMATES 

A convenient field notebook commonly used for recording the 
estimate records is about 4 by 7 inches in size and contains about 
50 sheets, each of which is ruled to provide space for the data from 
20 trees. The size of this book and the ruling of the sheets can be 
adapted to the conditions in the orchards, such as the number of 
rows, the number of trees in the rows, or other local circumstances. 
Aftei^ their arrangement has been determined it is helpful to have 
such books printed, to save time in making the estimates and to 
provide for the uniform recording of the data. The ruling and 
arrangement of a typical sheet for such books is shown as Form D. 
Only a few spaces for tree numbers are shown in the illustration. The 
size of the page and the number of lines can be arranged to suit the 
individual orchard. 

Form D. — Typical sheet in notebook^ arranged for recording individual dtrus- 

tree estimate data 

Location Block 



Variety Orchard Row. 



Tree No. 


Fruit 


Tree 


Notes 


Crop 


Size 


Ripe 


Size 


Type 


Leaves 




P.ct. 

































































































































Records by: 



The books should have a stiff back cover to provide suitable condi- 
tions for writing the notes. On the inside of the flexible front cover 
should be printed rules and directions for making the records. A 
typical list of instructions for this purpose is shown in the following 
paragraphs : 
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Explanatimi of terms and symtols used in. obtaining citrus-tree estimate perform- 

cmce records 

TREE NO. — 

Record the tree numbers in use or explain in detail the system adopted and 
Illustrate it with a diagram showing the arrangement of the orchard block and 
the method of numbering. 

FRUIT 

Cra/>.— Record in the first column the estimated crop in number of boxes 
pounds, or fruits, and indicate the unit used; in the second column record the 
o^the^ tree^'^'^''^''^''^^ ^ ^""^^ account the size and condition 

rec^rdeZ^""^^^^ "'^^ ^"""^ ^^'^ variety; S=small; normal size need not be 

Ripe—Time of ripening as compared with the normal for the varietv E= 
early, L=late; normal ripening need not be recorded. 

TREE! 

/Sfi^e.—Comparative size of trees in the block being studied. L=Iarffe 
S-small; normal size need not be recorded. ^ ' 

n.aKtTr„t^"Ln U=unproductive; nor- 

n.fi~TS~b^1ecorle7"'" P=Poiuted, V=variegated leaves ; nor- 

NOTES 

Record briefly any characteristic or condition of tree or fruit which may helo 
o explain the performance of the individual trees, such as limb sports dfsease 
msect injury, broken limbs, striking variations of foliage or fruit cultural 
SSnt!'''' top-worked trees, or other pha^e^ of tree 

The annual tree-estimate records can be copied on sheets arrano-ed 
lor keeping m loose-leaf holders. A typical sheet is 9 by 11 inches 
m size and is arranged to provide space for the records of four trees 
lor a maxium period of eight years. A typical form for such sheets 
is shown as Form E. 



Form ^.—Typical form for recording Individual citrus-tree estimate data for 

a period of years 



Location... Grower.. 

Variety. Orchard.. 



Block. 
Row... 



Fruit 



Tree 



Tree No. 



Year 



Crop 



P.ct. 



Size 



Ripe 



Type 



Leaves 



Notes 



Average.. 
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USES OF PERFORMANCE RECORDS 

BUD-WOOD SELECTION 

Citrus bud wood for commercial propagation should be cut only 
from the best trees of the most valuable strain. These trees should be 
selected on the basis of their performance records and from intimate 
knowledge of the in- 
dividual trees. 

The condition of 
uniformity in size, 
shape, color, texture, 
and other character- 
istics of the fruits 
borne by a tree is con- 
sidered a reliable in- 
dication of the in- 
h e r e n t stability of 
that particular tree. 
It has been found 
experimentally and 
proved commercially 
that, if all of the 
fruits borne* by a tree 
during a season of 
normal production 
and more particu- 
larly for a period of 
several years of nor- 
mal fruiting are con- 
sistently alike, the 
characteristics of the 
progeny of that tree 
will probably be uni- 
formly like those of 
the parent tree. On 
the other hand, if 
there is marked varia- 
bility in the individ- 
ual fruits or the f ruits 
borne by the differ- 
ent limbs of a tree 

for a season or for a i-i i j. u 

period of several normal years, the progeny trees are likely to be 
variable even though buds are taken from the normal branches ot the 
parent tree. In other words, the condition of uniformity m the char- 
acteristics of the parent tree tends to be perpetuated in its Progeny 
For careful tests in progeny propagations only truit-bearmg bud 
wood should be used, and every bud stick should have one or more 
typical fruits attached, if possible, when cut from the select parent 
trees as shown in Figure 7. In general commercial propagation, 
all the young healthy fruit wood produced by the selected trees is 




Fig 7. — Typical fruit-bearing bud wood in a selected 
Eureka lemon tree, showing the kind of growth most 
desirable to use for budding in the citrus varieties 
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used. Such bud Avood ba& been found to produce trees of satisfactorv 
gi'owth which bear early and regular yields-of fruit. 

In the past sucker growth has been generally used for propagation 
and little or no attention has been paid to the number or quality of 
the fruits borne by the trees from which bud wood has been obtained 
In many cases this practice has naturally led to the propagation of 
mterior strains. The large proportion of trees of undesirable strains 
tound in many citrus orchards was due to this' lack of care in the 
selection of bud wood. 

TOP-WORKING UNDESIRABLE TREES 

The elimination of trees of undesirable strains from established 
orchards has been effected by top-working these trees witli select 

buds from trees of a 
desirable strain, as 
illustrated in Fig- 
ures 8 and 9. 

Although trees of 
some of Ae inferior 
strains can be recog- 
nized from their 
habits of growth or 
other vegetative char- 
acteristics, as shown 
in Figure 10^ it is de- 
sirable wherever pos- 
sible to make the final 
selection of trees to 
be top-worked on the 
basis of their per- 
formance records and 
the characteristics of 
the fruits borne by 
them. 

The selection of the 
bud wood for top- 
working purposes 
should be based on 
individual-tree per- 

. . formance records and 

an intimate knowledge of tree characteristics obtained by careful 
observation. 

The first top-workin^^ on a. commercial scale as a result of the 
bud-selection investigations of the United States Department of 
Agriculture was done in the summer of 1911. In a 235-acre orchard 
of 8-year-old Eureka lemon trees, approximately 2,500 trees of in- 
ferior strains were top-worked with buds from carefully selected 
trees in the same orchard, as shown in Figure 11. 

Notwithstanding the extremely cold weather of the succeeding two 
winters, which very seriously injured the growth from these buds, 
the rebudded trees are at the present time as productive as the other 
Jrees in the orchard, and without exception the strain that was propa- 




FiG. 8, — A top-worked unproductive Washington Navel 
orange tree, showing the arrangement of the hudded limbs 
and the nurse limb (right) which is left for one or two 
;s^ears after the budding oporations, so as to protect the 
inserted buds and to provide the best possible conditions 
lor their growth 
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gated has been reproduced, so far as can be determined. Each year 
since that time several thousand trees in various citrus orchards m 
CaHfornia have been budded or top-worked on the same basis, and 
those that have reached bearing age have reproduced the character- 
istics of the strain that was propagated. 

TRANSPLANTING BEARING TREES 

Transplanting selected bearing citrus trees may sometimes be a 
desirable practice when nursery-grown trees are not available for 
planting to fill vacant spaces or to provide better tree spacing for 
cultural operations. 

In several instances during the last 10 years in the Southwest large 
numbers of bearing citrus trees from C to 12 years of age have been 

transplanted from one 

orchard location to an- 
other. In this work 
individual-tree p e r- 
formance records have 
been used where pos- 
sible for the purpose 
of selecting only the 
desirable and produc- 
tive trees foi^ moving. 
The eost of trans- 
planting the bearing 
trees has been greater 
than that of planting 
nursery trees, but 
the transplanted ones 
have produced profit- 
able crops from two 
to four years earlier 
than the nursery trees. 

I n transplanting, 
performance records 
for two or more years 
are desirable, in order 
to select satisfactory 
trees and to discard 
u n d e s i r able ones. 

The most successful economic system is to use the bare-root method, 
exercising care to keep the freshly drug root system protected from 
exposure and thoroughly moist at all times. The trees should be 
planted without delay after digging and irrigated immediately. 
Experience has shown that the best season for transplantmg is durmg 
the late winter and spring months. 

One of the most important operations in transplanting is the 
cutting back of the tree growth in about the same degree of severity 
as for'^top-working, this being done a few days before the trees are 
to be dug. The remaining branches should then be thoroughly cov- 
ered with whitewash. In digging, care should be used to avoid 
destroying the small roots, a.nd alLcuts .should be made with sharp, 




Pig 9 — A top-worked Australian strain Washington Navel 
orange tree two and one-half years after top-workmg. 
The original unproductive tree has been changed to a 
productive one 
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shears. A typical selected Valencia orange tree 6 years old properly 
treated for transplanting is shown in Figure 12. 

INDIVIDUAL-TREE CARE 

In most of the larger citrus orchards of the Southwest one or 
more employees devote all of their time to the care of individual 
trees, including the treatment of trees that have been attacked by 
disease, insects, or rodents, the removal of broken or undesirable 
limbs, the special care of top-worked or transplanted trees, and 
other mdividual-trce treatments. In the smaller orchards this work 
IS usually carried on by trained men hired for this purpose or by 




% 10 —A typical rank-growmff and unproductive tree of the Australian strain of 
the Waslun^ton Navel orange (nglit), compared with a normal tree of this variety 
The Australian trees of the Washington Navel orange and other vigorous but 
unproductive trees m all of the established eitrus varieties grown in the South- 
west have been successfully top-worked and brought into profitable production 
through the use of bud wood obtained from superior parent trees f ^^^ucuon 

the owners of the groves. This systematic attention has been found 
to be profitable and is receiving more and more attention on the 
part of the citrus orchardists. In order to carry on this work intel- 
ligently and to evaluate the results, individual-tree performance 
records are invaluable. 

^ Most of the care of individual trees must be continued several years 
m order to complete the work. With the treated trees scattered 
throughout the orchard it is obviously very difficult, if not impossible, 
to locate and treat them intelligently without definite tree records. 

Iransplanted and top-worked trees require special attention in 
pruning, insect and disease control, fertilization, irrigation, and 
other cultural care for a period of three or more years. Diseased 
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trees oftentimes need annual treatments for several years. Injuries 
by rodente such as rabbits, rats, mice, squirrels, or gophers are 
found more or less continuously throughout the life of the orchard. 
Inarched or bridge-grafted trees need some attention in the removal 
of adventitious growth or other care for several seasons. The saving 
in time and labor in this work as well as its increased efficiency 
has usually more than paid the cost of keeping individual tree- 
performance records in the orchard as a whole. 

MEASURE OF ORCHARD EFFICIENCY 

The average annual yields of the individual trees in the orchard 
for a period of not less than two and preferably four or morp con- 
secutive years can be 
used to classify the 
trees in three groups: 
(1) ^ Those that are 
profitable; (2) those 
that produce only 
enough crops to pay 
for their maintenance ; 
and (3) those that are 
maintained at a loss by 
reason of poor crops. 
In the development of 
methods for using the 
information obtained 
from performance-rec- 
ord data in these in- 
vestigations it has been 
found helpful to chart 
the average annual tree 
yields for each com- 
mercial orchard block 
so as to show graphi- 
cally the distribution 
of the trees of the dif- 
ferent classes. S e v- 
eral methods origi- 
nated by the writer and 
his associates or by co- 
operating citrus growers in the Southwest for accomplishing this 
object are in use, and three of them will be described briefly in the 
following paragraphs. 

In all the methods cross-section paper, arranged so that one section 
is provided for each tree in the orchard block, is used for making the 
performance-record chart. It is helpful to indicate on this ^heet the 
performance-record period, the location of irrigation flumes, terraces, 
high or low spots, windbreaks, or other related information. 

The first and most widely used method of charting the location and 
classification of the trees is with figures giving the data of average 
tree yield, using inks or pencils of different colors to indicate the 
groups that do not produce enough crop to pay for their upkeep, those 




Fig. 11. — A rank-growing and unproductive lemon tree 
top-worked with buds from a superior parent tree, 
Tliis and many similar trees in this orcJiard have come 
into profitable fruit production about three years after 
top-working 
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that yield only enough fruit to pay for their maintenaneej and those 
that produce profitable erops. 

The second method is to show the individual-tree yields on the 
eross-seetion sheet by shading or inking in eaeh section in the relative 
locatin of the trees the amount or intensity of shading indicating the 
tree yields, as shown in Figure 13. 

A third method is to use symbols to indicate the three classes of 
trees, ba^ed on their average annual yields, such as A for the profit- 
able trees, B for those that are neither profitable nor improfitable, 

and C for the un- 
profitable trees. 

The study of guch 
perforitiance - regord 
charts showing the 
distribution and lo- 
cation of the differ- 
ent classes of trees 
has proved to be 
valuable in deter- 
mining the causes of 
unprofitable orchard 
areas and the effi- 
ciency of cultural or 
other orchard-man- 
agement practices. 
For example, in a 
large Washington 
Navel orange orchard 
where this method 
was first used certain 
areas were found to 
be very unproductive 
and unprofitable. 
These areas were de- 
termined to be those 
where the topsoil had 
been removed during 
the process of grad- 
ing before the trees 
were planted. An 
experimental resur- 
facing with fresh soil of a part of sev^J^al of these spot^ proved that 
it was possible to increase the tree yields to profitable production, and 
this method has since been generally used for improving the soil 
conditions in such areas. 

In another instance the performance-record charts showed a grad- 
ual falling off in the tree yields the farther they were removed from 
a distance of 300 feet from the irrigation flumes or sources of water. 
Additional flumes were installed at the points indicated as necessary 
by the charts, with a consequent decided improvement of yields 
owing to the better distribution of the irrigation water, and this 
practice has been widely used subsequently in commercial orcharding 
in the Southwest. 




Fig. 12. — A C-year-old Valencia orange tree which has been 
selected on ths basis of individual-tree performance rec- 
ords as desirable for transplanting and properly pruned, 
whitewashed, and otherwise treated 
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The performance -record charts can be used to study the effect of 
local soil conditions on tree yields, the results of fertilizer practices, 
the relation of the lay of the orchard to frost or other temperature 
injuries, together with many other orchard conditions, and to provide 
an intelligent basis for correcting undesirable conditions, when pos- 
sible, and systematically improving cultural practices. 

PRUNING RESULTS 



The severe pruning of citrus trees in the Southwest has been 
largely abandoned as a result of the study of the performance records 
of severely pruned as compared with those of lightly pruned trees. 




Fig. 13. — Diagram showing graphically the distribution of the citrus trees in an 
orchard and the average quantity of fruit borne by these trees for a period 
of years 



These records showed that the tree yields were reduced about in pro- 
portion to the degree and severity of pruning and without any com- 
pensating advantages. 

The present practice which has grown out of this experience in- 
cludes a light pruning consisting of the training of strong framework 
branches in young trees, the removal of dead, injured, unproductive, 
or undesirable limbs on bearing trees, and the opening up of dense 
growth in older trees for the purpose of gradual tree renewal. 

In the selection of undesirable or unproductive limbs such limbs 
should be marked and their location noted in the tree records. After 
two or more years of observation if they prove to be consistently 
undesirable and unproductive, they should be cut out, care being 
taken to make smooth sloping cuts and fresh cuts of more than 1 
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inch in diameter being covered with grafting wax or other protective 
material. 

In view of the loss from severe pruning in the citrus and the 
danger of serious loss of crops for several years following injudicious 
pruning practices, it is important that the results of pruning methods 
be determined by means of tree-performance records. If it is con- 
sidered desirable to make a change or to try new methods of pruning, 
the results of the use of these methods on a small scale should be 
obtained for a period of years before any radical change or new 
methods are introduced into commercial practice. 

PROGENY TESTS 

~ In order to determine definitely whether or not unusually high- 
yielding trees are inherently productive, progeny tests of such trees 
should be carried out. For this purpose buds taken from the selected 
trees can be inserted in nursery stock or top-worked in bearing trees, 
not less than four and preferably more progeny trees being used for 
each test. If the performance records of the progeny trees of a 
high-yielding parent tree show consistent productiveness, these re- 
sults may be accepted as proving that the productiveness of the 
parent tree was due to inherent causes rather than to environmental 
influences. Abnormally low-yielding trees may be tested in the 
same manner. 

I The results of performance-record work with progenies of trees 
of particular interest can be used as a guide in the further propaga- 
tion of the parent trees or strains arising from them. In the south- 
western citrus orchards most of the bud wood now used in the propa- 
gation of the established citrus varieties is obtained from selected 
trees in superior and uniformly high and desirable yielding progenies. 

COMMERCIAL BUD-SELECTION PRACTICE 

One of the most important uses of individual citrus-tree perform- 
ance records is in the selection of trees of proved varieties that have 
been found to bear consistently high yields of uniformly desirable 
fruits as sources of bud wood for propagation. In the beginning of 
this work in California in 1909, individual tree records were kept for 
a period of years and bud wood was cut from the best yielding trees 
in the established orchards. Subsequently, it has been possible to 
obtain as a rule adequate supplies of bud wood from the best trees 
of the superior progenies of the selected parent trees, based upon 
period individual-tree performance records. 

The obtaining and distributing of commercial bud wood for prop- 
agation in California has been carried on since Mar 1, 1917, to 
date, by the Fruit Growers Supply Co., a cooperative nonprofit or- 
ganization of about 12,000 citrus growers and a subsidiary of the 
California Fruit Growers Exchange. From the beginning until 
December 31, 1927, more than 3,933,000 selected buds have been sold 
to nurserymen and growers, the price being 5 cents per bud to mem- 
bers of the Fruit Growers Supply Co. and 6 cents to others. This 
business has been conducted as a public service to the citrus industry, 
and the results have been shown in improved yields as regards both 
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quantity and quality of fruit produced by the trees grown from the 
selected buds. 

Where organizations of growers are not available through which 
the work of the selection and distribution of commercial citrus bud 
wood can be carried on, individual growers and propagators can 
make arrangements to conduct this work independently or through 
mutual agreements. However, experience has proved that, wherever 
possible, commercial bud selection and distribution work can be most 
efficiently carried out by the cooperation of associations, growers, and 
nurserymen. When properly organized it can be made self-sup- 
porting through the sale of buds, and of value to every interest 
concerned. 

CARE OF BUD WOOD 

Citrus bud wood should be used as soon as possible after it is cut 
from the select parent trees. If it is necessary to keep the bud wood 
for some time before it is used, it should be packed in moist, sterilized 
sphagnum moss and stored in a cool room having fairly uniform 
temperature and humidity. The ideal conditions for such a room are 
a temperature of about 60° F. and a relative humidity of 80 to 90 
per cent. The moss used for packing the bud wood should be thor- 
oughly moistened and sterilized with live steam for about an hour, 
after which it can be run through an ordinary clothes wringer in 
order to squeeze out all of the excess moisture. Under proper storage 
conditions citrus bud wood can be kept in good viable condition for 
several months. 

BUDDING 

The most favorable time for budding is generally during the spring 
months. However, budding can be done successfully at any time 
during the growing period of "the trees. Budding in the late fall 
is sometimes preferable to summer budding, as the buds will remain 
dormant in the stocks until the following spring and will then make 
an early start into growth. Fall budding also allows nurserymen to 
spread their work more satisfactorily than to crowd it all into the 
spring period. High budding, that is, the insertion of the buds as 
high on the stocks as possible, is recommended for southwestern 
conditions. 

In top-working undesirable trees, two or more of the main limbs 
should be selected as the foundation for the new head, as shown in 
Figure 11. The select buds should be inserted in these limbs, two 
or more in each, about 1 to 2 feet from the trunk of the tree. After 
the buds have made a union with the tree the limbs should be sawed 
off about 6 inches above the inserted buds. The freshly cut surfaces 
should be covered with grafting wax, pure lead paint, or some prun- 
ing compound, and the remainder of the tree should be covered 
heavily with whitewash, cloth, or other material so as to protect the 
trunk and limbs of the tree from sun scald or other injuries due to 
exposure- After about a year's growth the limbs should be cut 
back again so that only one bud is left on each. These second cuts 
should slope downward from a point directly above the bud union, 
and the surfaces should be again protected so they will heal com- 
pletely. Top-worked trees should be inspected frequently for the 
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first two or three seasons and all growth removed except that from 
the select buds. In one or two years the growth from such buds will 
begin bearing fruits, and it should reach normal production in from 
three to five years, depending on the variety and the climatic and 
cultural conditions. 

SUMMARY 

Bud variation in citrus fruits is of more or less frequent occur- 
rence and in many instances is of great economic importance to citrus 
growers. 

The investigations that have been under way since 1909 indicate 
that undesirable bud variations can be largely eliminated from com- 
mercial citrus plantations by top-working such trees with bud wood 
from trees known to produce continuously uniform fruit of the char- 
acter desired. The selection of these trees is most easily and satis- 
factorily made through the keeping of performance records. 

Individual citrus-tree performance records are being kept by many 
citrus growers, 

Records for an even number of successive normal seasons are de- 
sirable. For some purposes two seasons^ records of full-bearing trees 
are probably sufficient; in other cases four or more seasons' records 
are preferable. The longer the period during which performance 
records are kept and the greater the number of trees recorded, the 
more valuable the records become. 

These tree records enable the growers to locate good trees from 
which bud wood may be obtained, poor trees to be top-worked with 
select buds, and trees needing individual care. They also provide 
reliable data on which to base conclusions concerning the results of 
tree or orchard treatments. 

Each tree in the orchard should be given a number, by means of 
which it can always be identified and easily found. 

The work of weighing or estimating and recording the crops of 
the individual trees can be done with little extra expense by adding 
one laborer to each picking crew, or by the owner in small orchards. 
This cost is small when considered in connection with the value to 
the grower of the information obtained thereby and oftentimes is 
repaid through the sale of bud wood from the superior trees. 

Only fruit wood obtained from superior parent trees that have 
been found to bear uniformly desirable fruits for a period of several 
normal seasons should be used in propagation. This bud wood may v 
be used immediately after cutting, or it can be kept in moist, sterilized 
moss in a cool room for several months. 

The spring period of tree growth is usually the best time for 
budding. The tender young growth from the buds in nurseries 
and top-worked trees should be protected from possible injuries by 
extreme temperatures, insect attacks, diseases, or other causes. Care 
should be taken to inspect this growth at frequent intervals and to 
train it by pruning so as to form strong and properly spaced frame- 
work branches. 

The fall period of growth can be used successfully for budding in 
the Southwest and is particularly useful where early spring growth 
is desirable. The buds used in the fall are allowed to remain dormant 
until early spring, when they are forced into growth by cutting off 
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the nursery stocks or the limbs of older trees to be top- worked, just 
above the point where the buds were inserted. Smooth, sloping cuts 
are advisable, and the cuts should be protected with grafting wax or 
other suitable material applied as soon as possible after they have 
been made. 

As a rule, transplanting bearing citrus trees should be done only 
after sufficient performance records have been obtained to indicate 
the individual trees that are worth the cost of this procedure. 

The care of individual trees is rapidly growing to be an accepted 
and essential factor in systematic citrus-orchard management. This 
work can be most successfully and economically carried out with the 
use of individual tree-performance records. 

The results of atmospheric and soil conditions and treatments, 
pruning and other orchard practices can be definitely measured by 
means of adequate individual-tree performance-record data from 
which reliable conclusions can be drawn. 

Progeny tests of consistently high or continuously low-yielding 
citrus trees provide definite information as to whether these charac- 
teristics are inherent or are due to environmental influences. From the 
results of such tests the best trees can be selected from the superior 
progenies for propagation and the inferior trees can be top-worked 
or replanted. 

In order to provide adequate supplies of select bud wood for 
propagation for the behefit of the citrus industry, the selection, 
obtaining, and distribution of such propagating material can best 
be handled through associations of growers. Where this plan is not 
feasible, the individual propagators can oftentimes make mutually 
satisfactory arrangements with growers to obtain select bud wood. 
The cost of obtaining the tree records as the basis for the selection of 
this bud wood has been returned in many instances under observation 
through the sale of selected buds. 
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